Abstract-Polyaniline and its composites with carbon nanotubes or silver nanoparticles are prepared and characterized via electron microscopy, spectroscopy, conductometry, and BET analysis. The in vitro and in vivo toxicities of the materials are studied, and then the materials are used as sorbents of the influenza A and B viruses. It is shown that the best sorption capacity with respect to all of the virus strains is exhibited by the polyaniline composite with silver, which provides for almost complete removal of viruses from aqueous solu tions.
INTRODUCTION
Polyaniline (PANI) is one of the most available and extensively studied representatives of the class of elec troconductive polymers exhibiting redox activity and electronic and ionic conductivity in conjunction with high stability and nontoxicity. As a result, PANI has been used in energy storage, electromagnetic radia tion shielding, protection of metals against corrosion, and the design of sensors and antistatic materials [1] . In the last decade, PANI has been studied as a sorbent in a variety of sorption processes, including the treat ment of wastewater from various manufacturing units and specific sorption aimed at diagnosis, purification, or isolation of diverse materials ranging from pharma ceuticals to precious metals [2] .
Adsorption is one of the most effective and low cost methods for purification and isolation. The com monly used sorbents are activated carbon; zeolites; montmorillonites; polymers; and products of the plant origin, such as wood waste [3] . Conventional sorbents are thermally and chemically stable highly porous matrixes or powdered materials with high specific sur face areas. PANI exhibits a combination of properties that are necessary for a sorbent: high thermal stability, insolubility, and nontoxicity. The polymer exhibits good wettability with water and various organic and inorganic media; this circumstance improves its sorp tion capacity and permeability. PANI and its compos ites can be prepared in the form of porous fluid and gas permeable powders or matrixes with specific sur face areas up to a few hundred square meters per gram and wide ranges of mechanical properties, which are determined by the type of support. Another important factor is the low cost of the polymer [1]. Thus, PANI and its composites meet all the requirements for sor bents.
At the same time, PANI compares favorably with traditional sorbents owing to its multifunctionality. In addition to weak physisorption, which is the only binding force of the sorbate in coals, the functions of binding and, in some cases, conversion of the sorbate are performed by PANI. These interactions are more energy consuming and are associated with chemi sorption. Owing to the presence of nitrogen atoms in the polymer backbone, PANI exhibits polycationic properties and a pronounced anion exchange func tion with an extremely high capacity. The polymer is capable of reversibly sorbing and desorbing inorganic and organic acids; this property is used for isolating and binding acid agents [4] . An example of specific sorption due to donor-acceptor interactions is the interaction of PANI with a number of transition met als and their cations. The redox properties of the poly mer make it possible not only to bind but also to con vert the sorbed agent, e.g., to reduce Cr 6+ , which is the most toxic form of Cr, to less toxic Cr 3+ or to reduce a precious metal cation to the metallic state [5] . The high efficiency of PANI and its composites for clearing industrial wastewater from salts of heavy metals (Hg ) [5, 6] and harmful organic impurities has been shown. The catalytic function of PANI plays an important role also; it is used to accelerate the decomposition of a number of toxic organic compounds (hydrazine, aromatic amines, quinones) [7] . Technologies for isolating trace amounts of precious metals (Au, Pd, Ag) from solu tions of their salts are being developed [8] . Another attractive property is the ability to reversibly regener ate the PANI sorbent. Regeneration is typically asso ciated with either an acid-base or redox treatment of the sorbent after sorption and generally leads to quan titative isolation of the sorbate. The area of biomedical application of PANI is being extended in parallel with investigation of the biocompatibility of the polymer. The antibacterial properties of PANI against Staphylococcus aureus and Escherichia coli have been determined [9] . Many pub lications are focused on the problem of the growth of stem cells on a polymeric support and the use of PANI films for the regeneration of bone and nerve tissues [10] . PANI based sorbents are intended for use in sep aration and analysis of DNA, isolation of antibiotics from culture media [11, 12] , and wastewater treatment to remove pharmaceuticals.
In this study, electroconductive PANI and com posites formed on its basis are used for the sorption of the influenza A and B viruses. Preparation techniques for PANI, its composite with carbon nanotubes (CNTs), and a hybrid composite material comprising the polymer modified with silver nanoparticles are described. The morphology and properties of these materials are studied. The toxicities of the sorbents are examined; their efficiencies in removing the influenza viruses from aqueous and native protein media are compared.
EXPERIMENTAL
Sorbents Multiwalled CNTs prepared via the catalytic pyrol ysis of hydrocarbons and cleared from the catalyst were purchased from Taunit (Tambov, Russia). The CNTs had a diameter of 50-100 nm and a length of a few microns; the tubes were used without further puri fication and modification.
PANI with the spherical morphology of particles was synthesized via the oxidative polymerization of aniline under the action of ammonium persulfate in an acid aqueous medium [13] . The deprotonation of PANI, i.e., the release of the acids from the polymer matrix, was conducted via exposure of the polymer to a 1 M aqueous ammonia and subsequent washing with water and drying.
The PANI-CNT composite with a mass fraction of PANI of 50% was prepared via the oxidative poly merization of aniline under the action of ammonium peroxydisulfate in the presence of a carbon material dispersed in the reaction medium [14] .
The composite sorbent composed of PANI and sil ver (PANI-Ag) was prepared via the modification of PANI with silver particles [15] . Silver was deposited through the interaction between PANI dispersed in an aqueous phase and silver nitrate AgNO 3 . The reaction was conducted at room temperature for 8 h. After the reaction, the composite was washed with ethanol and air dried to a constant weight. The silver content was determined from the weight gain of the composite, which was 15-30 wt %. After completion of the syn thesis, the resulting sorbents were placed on filters, washed with dilute aqueous solutions of the acids used in the reactions and then with alcohol, and dried under normal conditions. Purified viruses were obtained after the concentra tion of virus containing allantoic fluids via centrifuga tion at 24 000 rpm for 1 h and the subsequent purifica tion via centrifugation at 24 000 rpm in a sucrose con centration gradient of 20-40% (a Beckman L5 50 centrifuge). The hemagglutinating activities of the viruses in solutions were determined in hemagglutina tion reactions according to the standard technique recommended by the World Health Organization with the use of a 0.75% suspension of erythrocytes of type 0 negative human blood.
Influenza Viruses
In the study, the sorption of bovine serum albumin and nucleic acid fragments were examined as well. Amplicons, which are cDNA fragments of genes of modern strains of influenza A and B viruses, were pre pared via the polymerase chain reaction with the use of a DNA diagnostic test system (Pan H1N1 technology, Influenza A virus, Influenza B virus). Electrophoresis of the cDNA fragments was conducted in a 2% agarose gel at a voltage of 80 V for 1.5 h; the reference samples included in the test systems were used as a positive control. The gels were photographed and analyzed with a UV transilluminator with a wavelength of λ = 254 nm.
Research Techniques
Photomicrographs of the samples were recorded via scanning electron microscopy on JSM 6400 JEOL
